Lycopersicon esculentum Mill. cv Vedettos and Lycopersicon chmielewskii Rick, LA 1028, were exposed to two CO2 concentrations (330 or 900 microliters per liter) for 10 weeks. The elevated CO2 concentrations increased the initial ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) activity of both species for the first 5 weeks of treatment but the difference did not persist during the last 5 weeks. The activity of Mg2+ -CO2-activated Rubisco was higher in 900 microliters per liter for the first 2 weeks but declined sharply thereafter. After 10 weeks, leaves grown at 330 microliters per liter CO2 had about twice the Rubisco activity compared with those grown at 900 microliters per liter CO2. The two species showed the same trend to Rubisco declines under high CO2 concentrations. The percent activation of Rubisco was always higher under high CO2. The 
isco was higher in 900 microliters per liter for the first 2 weeks but declined sharply thereafter. After 10 weeks, leaves grown at 330 microliters per liter CO2 had about twice the Rubisco activity compared with those grown at 900 microliters per liter CO2. The two species showed the same trend to Rubisco declines under high CO2 concentrations. The percent activation of Rubisco was always higher under high CO2. The phosphoenolpyruvate carboxylase (PEPCase) activity measured in tomato leaves averaged 7.9% of the total Rubisco. PEPCase showed a similar trend with time as the initial Rubisco but with no significant difference between nonenriched and C02-enriched plants. Long-term exposure of tomato plants to high CO2 was previously shown to induce a decline of photosynthetic efficiency. Based on the current study and on previous results, we propose that the decline of activated Rubisco is the main cause of the acclimation of tomato plants to high CO2 concentrations. of this phenomenon. Elsewhere (23) , we concluded that the decrease of stomatal conductance could not totally account for the acclimation of tomato plants to high CO2. We also showed that the accumulation of starch and sugars and the modification of chloroplast ultrastructure were not the primary causes of declining photosynthesis (24) .
Ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco)2 is the major enzyme regulating the photosynthetic carbon assimilation in plants (10, 13) . Many studies have reported a correlation between the decline of photosynthesis and the decrease in Rubisco with extended use of CO2 enrichment (12, 14, 18) . However, since many other parameters were also altered, no studies have yet been able to single out the primary cause of acclimation to high CO2.
Previously, we showed that Lycopersicon esculentum and L. chmielewskii acclimated similarly to high atmospheric CO2 (23) , even though they differ significantly in their sink metabolism, carbohydrate assimilation (22) , and starch and sugar contents under high CO2 (24 The PEPCase assay used a procedure similar to that used to measure the initial Rubisco, but the reaction solution was different. The reaction solution for the PEPCase assay consisted of 100 mM bicine, 10 mM MgCl2, 5 mm DTT, 0.1 mM NaEDTA, 5 mM sodium glutamine, 5 mM phosphoenolpyruvate, and 10 mm NaH'4CO3 (10 mmol/mCi, DuPont-New England Nuclear, Boston, MA) at a pH of 8.1. The PEPCase assay employed the same leaf extracts used for the Rubisco assays.
RESULTS AND DISCUSSION
The initial Rubisco activity of the leaf 5 of L. esculentum and L. chmielewskii was higher for 900 uL L' C02-grown plants for the first 5 weeks of treatment but the difference did not persist during the last 5 weeks (Fig. 1) . At week 1, L. esculentum plants grown under C02-enriched conditions had rates of initial Rubisco activity that were 28.7% and 62.7% higher at 0800 and 1600 h, respectively. The corresponding values for L. chmielewskii were 41.9% and 79.5%. The larger differences observed in initial Rubisco rates ofL. chmielewskii were related to the photosynthetic rates previously reported (23, 24) . Such a result was to be expected since the initial activity ofRubisco is directly related to the leafphotosynthetic rate (17) . Accordingly, the faster rate of decline of initial activity of high C02-grown plants compared with the control plants was correlated to the decline of photosynthesis previously reported for these plants (23, 24) . The differences between treatments in initial Rubisco activity during the first 5 weeks were more pronounced at the afternoon than at the morning sampling for both species. In a previous paper (24) , we reported that starch had built up during the day for both CO2 concentrations, but the accumulation was more pronounced at 900 than 330 uL L' CO2. These results suggest that the greater buildup of starch throughout the day in the 900 ,uL L' C02-grown plants did not cause feedback inhibition of initial Rubisco activity since the difference in initial Rubisco activity between the two CO2 treatments was greater at the afternoon than at the morning sampling.
The absolute values of initial Rubisco sampled at 0800 h were significantly higher for L. chmielewskii than for L. esculentum at week 1. For the afternoon samplings, initial activity was higher in L. chmielewskii than in L. esculentum for the first 3 weeks. These results suggest that L. chmielewskii has a higher photosynthetic capacity than L. esculentum during the early stages of growth. This wild species may thus offer some interesting photosynthetic characteristics for further study.
The Mg2+-CO2-activated Rubisco activity of the fifth leaf ofL. chmielewskii was higher in 900 ,uL L' C02-grown plants for the first 2 weeks but declined sharply thereafter (Fig. 2) . L. esculentum showed a similar Mg2'-CO2-activated Rubisco activity at both CO2 concentrations for the first 2 weeks, but declined at a rate similar to L. chmielewskii thereafter. After 10 weeks, leaves grown at 330 ,L L' CO2 had about twice the Rubisco activity of those grown at 900 ,uL L`CO2. Peet et Throughout the experiment, the initial form of Rubisco was consistently lower than the activated form, indicating the potential for higher rates ofphotosynthesis in the leaves. These results suggest that increased light intensity could have increased net leaf photosynthesis. The percentage of activation of Rubisco (initial/Mg2+-CO2-activated x 100) was altered by CO2 enrichment (Fig. 3) . At 900 ML L`' C02, the average percentages of activation were 22 high CO2 on the inhibition of photorespiration and activation of ribulose-1 ,5-bisphosphate carboxylase were more than offset by the decrease of activated Rubisco, thus resulting in the long-term decline ofphotosynthesis ofhigh C02-grown plants.
The PEPCase activity measured in tomato leaves (Fig. 4 ) averaged 7.9% of the total Rubisco activity. Thus it can be concluded that Rubisco was the primary carboxylation enzyme for tomatoes. According to Zima and Sestak (25) and Raghavendra (15) , PEPCase could account for a potential parallel CO2 fixing pathway by young leaves of C3 species. Besford et al. (3) reported that PEP/HCO3-activated PEPCase might be responsible for some of the CO2 assimilation of the youngest leaves of tomato. However, consideration of PEPCase in the calculation of CO2 assimilation of mature tomato leaves led to an overestimation of photosynthetic rates (3) . PEPCase showed a similar trend with time as initial Rubisco but with no significant difference between nonenriched and enriched plants (Fig. 4) . These results suggest that CO2 affects the pool of Rubisco more than the pools of PEPCase. Acclimation appears to be a result of regulation at the genetic level for the Rubisco enzymes. Bailly and Coleman (1) reported that external CO2 concentrations caused a change in carbonic anhydrase mRNA of green alga. The same mechanism may occur with Rubisco for tomato leaf exposed to high atmospheric C02.
CONCLUSIONS
Tomato plants grown under high atmospheric CO2 concentrations had higher initial activities of Rubisco only in the early stages of plant development. The variations in relative growth rate (23) and carbon exchange rate (23, 24) followed the variations in initial Rubisco activity. However, even though initial Rubisco activities of enriched plants decreased below the controls, the photosynthetic rates of the enriched plants were never significantly lower than the controls (23, 24) . These results suggest that the mechanism of increased photosynthetic rates ofplants exposed to elevated atmospheric CO2 resulted from increased RuBP carboxylation and decreased RuBP oxygenation. The The second hypothesis to explain the low level of activated Rubisco in the presence of inhibitors that bind to the protein. Loomis (9) found that the activity of polyphenol oxidases caused the inactivation of many enzymes when phenols were present. The polyphenol oxidases were associated with the thylakoid membrane (4). Koivuniemi et al. (8) established a correlation between the decrease of Rubisco activity and the increase of polyphenol oxidase activity in tobacco leaf extracts. However, Downton et al. (6) 
